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The Invention rf>i=.- 
in particular to ^K ""^-^^tes to the field of im™ , 

"Ua Includes th. .t.„ . °' •Mlbodle, bv = 

endogenous antibodies. " '° ^"'^-^ ^-an, as opposed to 

cJiallenge. Brief Iv *^oaies in response to anh^^ . 

Iwsts and loci encodir, . ^^capacitated in th^ ^ 

25 produce antibodies with h ^<^«i"ered ' 

hun«n antibodies ^'^^^^^ '^^ions ZJ 

^-.ospeclfi.^;/-:- ^""'^'^-^ - 

Fr- =:.• £ ^^^^^^^^ 

desirable for therapeutic a„dT " '^-P-i^clt^s are 
Intended for human 1 ^ diagnostic use Tho 

P-icular, havTbeenTr"^ d^aJL:,?""^-^- 
-ch antibodies res^teTL^^ ^^^^^ - so r^c's^" 

Characteristic structures of t^Tr^'^''^^ '^'^'^^ 

antibodies produced by „onhu:nan 
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hosts, such antibodies tend to be iimiunogenic when used in 
humans . 

The availability of the nonhuman, iinmunogen- responsive 
transgenic aniinals described in the above- referenced WO 94/02602 
5 make possible convenient production of human antibodies without 
the necessity of employing human hosts. 

DigcloRiirp r.f j- fae Inv>.rn-i nT1 

The invention is directed to methods to produce human 
antibodies by a process wherein at least one step of the process 
10 includes immunizing a transgenic nonhuman animal with the 
desired antigen. The modified animal fails to produce 
endogenous antibodies, but instead produces B-cells which 
secrete immunoglobulins with fully human variable regions The 
antibodies produced include fully human antibodies and can be 
15 obtained from the animal directly, or from immortalized B-cells 
derived from the animal. Alternatively, the genes encoding the 
xmmunoglobulins with human variable regions can be recovered and 
repressed to obtain the antibodies directly or modified to 
Obtain analogs of antibodies such as, for example, single chain 
20 Fy molecules. 

Thus, in one aspect, the invention is directed to a 
method to produce an Immunoglobulin with a fully human variable 
region to a specific antigen or to produce an analog of said 
iromunoglobulln by a process which comprises immunizing a 
25 nonhuman animal with the antigen under conditions that stimulate 
an immune response. Fully human immunoglobulins are included in 
this group and are preferred. The nonhuman animal is 
characterized by being substantially incapable of producing 
endogenous heavy or light immunoglobulin chain, but capable of 
!0 producing immunoglobulins either with both human variable 
regions and constant regions or with fully human variable 
regions or both. In the resulting immune response, the animal 
produces B cells which secrete immunoglobulins, with at least 
"l^riable regions that are fully human, specific for the antigen. 
5 The human immunoglobulin of desired specificity can be directly 
recovered from the animal, for example, from the serum, or 
primary B cells can be obtained from the animal and 
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immortalized. The -frmr,^ . . 

encoding the antibodies can be n ^"^""^"^^^-1^' the genes 

^ (spleen, tonsils, 1;!^, ^^'i; ^^^^ °- ^Vn^Phoid tissue 

aninial and e^ressed L rell' °' '"""^-^^ 

-edification, to produce the °^ 
-ition, the genes encod ng thTreTT'" ^"^^^^^ - 

produced by the i„^uni.ed aLli °^ i™oglobulins 

^^ibrary of i^nunoglobulins to" ^ 
variable regions which provide tH ""'"'"^ 
^ro. the library .hich hive t,e d f"'"' 

used as a source of nurieotide s ^"^^^"-"'^ics can then 
variable regions for furtwl . --<=o<aing the desired 

or analogs with these ch«"rrT"'°" ate antibodres 

techniques. -^«acteristi=s using standard recon^inant 

In another asneet ^h , 
immortalized nonhuman B cen '^elates to an 

described aniaai. i„ 3J, : ^^""^ f'^om the above 

20 directed to a recombinant hosT'^7 i« 

the gene encoding either th™^^^^ -^^"^^ to contain 
desired specificity or an , ^^^oglobulln with the 
same specificity. °^ thereof which exhibits the 

2S antibodies -directed to 

-thods and to reconO^rC 2t Ji\tT '"''^ 

I« still other a^r Production, 
antibodies with fully huna/^"'^,^'' 'T''" ''^^"^"^ ^° 
human antibodies which are iZ ''^^ ^^^^^ding tnlly 

0 particular antigens set forttT'f""''^ "^^-^ ^o 

Similarly immunoapecif ic T '° ''^^'^h are 

"laterlals useful in the I ""^^ recombinant 

the production of these antibodies. 



Figure i shows hH« 
35 antibodies from a Xenomouse- °' ^"^"^^^ 

antibodies contain human . Xi^t'"" "'''^ ^^'^ ^^'^ and which 
Chains. ' light chains and/or hur^n ^ heavy 
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Figure 2 shows the serum titers of anti tt « 
chains. ^ Chains and/or human n heavy 

::Lr:;:Lr.^r^^™ ^^^"^^^ ^^^^ ™- - 

heavy chains. " ''^'^ ^'^'^Z- ^-an , 

contain hunan . li'rirn "^^'/^'^ "^-^ antibodies 

Flaur.% \ "^"^^ ^^^^ Chains, 

i-unized w tTao L r^r °^ ^ 

surface, m the ElLa "'^^"^^'^^ L-aelectin at their 

15 detectable only if thev T' ''^'^ ^'''^"'^^ 

Chains. '"'^ ^"^'^ region heavy 

surface, m the ELiL ^^"^^^^^ L-selectin at their 

0 detectable Ly if tZ'c'a"'^ T"' ''^^^ ^"^^'^^^ 
only if they carry huitian k light chains. 

i-unized witTaoI xT::xr ''•^^^ °' ^ 

=LISA, these antib^dier "^"^^^^^ L-electin. m this 

' coupled ^oiTfLrrin^i^::^ 

L-selectin and labeled . Inrounized with human 

-ine heavy chaiTi^^r^rre^i^r^ i~oreactive with 

incubated llTselZ7rl\T ^"^''^'^ " '"^'^ '^^"'^^^^"^ 
hu^nan L-selectin a^ iZ . 7""""" '"^''"'^ ^""^^ ^^^h 
With hu:.n ligh: chai^?::;:::^ ^""^^ Wno^eactive 

—a lian ce'lTto^e^f e^lT" f "^^^ ^^^^^-^ 

^^^^ effect the production of the hunan protein 

innnunized wi'^Lo'ceuT""' 

detected in this KL s"ls7::^"'^' " 

i>A must be immunoreactive with gp39 and 
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contain humn heavy chain ^ constant • 

chains. constant regions or human k light 

antibodiesl'^ra'xenor °' ' ^"^^ of 

5 hu^n gp33 reacted rr r::: 

Shows the separation Of hi ' '""'^ " 

populations. Pane. B^: " ' ^^''^ '""^^ 

the activated cn,^ r\llTZt °' ^ "^^^ -^1^-- 

Xenomouse- i„^uni.ed with . ^ T^'^"'^^- 

. constant regions.- paL\ e sho . '""^''^^ ^^^^ =^-in 

respect to CD4- populatTons ° —spending results with 

monoclona/a!rrbodies'sec«!!!"°° '"""^ ^"'"^ ""P^" 
^Is Clone is obtained fr ^ '"^^ ^y^ridon^ clone Ds.i. 

- toxin c ,„c, and colllT^l^TZlt: TT''^' 

constant region in the heavy chain ^ ^ ^^man fi 

hybridoma suS"atlt'fro,^^T"°° "^"^^ "^^"^ to the 

obtained fro. a XenoLse™ V\ "^'^ =^-e is 

^0 ' ll.bt Chain and heav^ chai^T f ' "^^ "^'^ ^"-^ 
region. ^ the mrine y constant 

concentratllTo^^^:'::?''^''"^ ^^^^^^ 
determination of the af f r"°''°°*' "'"'^^^ ^ 
' m a BIAcore instrument. °' monoclonal with its antigen 

t^e heavy ll" r'ltTJ^f.'^r^^^^ °^ 

Figure 17 "''^''^ """^^^^ "^y^^-^- 

the light Chain fro. tZ^^lT'^'^ -cleotide sequence of 

Figure 18 «r ^"^'^'^y ^^''"ted by K4.i. 
the heavy chain fro. the"an'ti\oT'''' nucleotide sequence of 
Figure 19 «>, Becreted by D5.1. 

the light Chain fro. the'an'tiboT"'"' "'^''"'"^ ^^^^"^ 

^ antibody secreted by D5.i. 

In general, th^^ m^^-u ^ 
adnanistering an ant^ge^ .m' ^"' '"^^'^^^^ ^-^-^e 
-agents are desired to a trail . °' in-unospecif ic 

transgenic nonhur^„ anirr^i which has 
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been modified genetically so as to be capable of producing 
human, but not endogenous, antibodies. Typically, the animal 
has been modified to disable the endogenous heavy and/or light 
chain loci in its genome, so that these endogenous loci are 
incapable of the rearrangement required to generate genes 
encoding immunoglobulins in response to an antigen. In 
addition, the animal will have been provided, stably, in its 
genome, at least one human heavy chain locus and at least one 
human light chain locus so that in response to an administered 
antigen, the human loci can rearrange to provide genes encoding 
human variable regions immunospecif ic for the antigen. 

The details for constructing such an animal useful in 
the method of the invention are provided in the PCT application 
WO 94/02602 referenced above. 

production of the desired antibodies, the first 
step is administration of the antigen. Techniques for such 
administration are conventional and involve suitable 
immunization protocols and formulations which will depend on the 
nature of the antigen per se. It may be necessary to provide 
20 the antigen with a carrier to enhance its immimogenicity and/or 
to include formulations which contain adjuvants and/or to 
administer multiple injections, and the like. Such techniques 
are standard and optimization of them will depend on the 
characteristics of the particular antigen for which 
25 immunospecific reagents are desired. 

As used herein, the term "immunospecific reagents" 
includes immunoglobulins and their analogs. The term -analogs" 
has a specific meaning in this context. It refers to moieties 
that contain the fully human portions of the immunoglobulin 
30 which account for its immunospecif i city . In particular, 
variable regions including the complementarity determining 
regions (CDRs) are required, along with sufficient portions of 
the framework regions (FRs) to result in the appropriate three 
dimensional conformation. Typical immunospecific analogs of 
35 antibodies include FfabMj' ^«b" and regions. Modified forms 
of the variable regions to obtain, for exainple, single chain Fv 
analogs with the appropriate immunospecif icity are known. A 
review of such construction is found, for example, in Tibtech 
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■ ^o'^struction of antibody analogs with 

rnultxple immunospecif icities is also possible by coupling the 
hu^n variable regions derived fron. antibodies with varying 
specificities, vaiyxng 

' can also b^ "'rf "''^ '"''^ ^^'^ characteristics 

can also be coupled to a variety of additional substances which 

ITJT"' functionality, alterna vf 

fuilv ! li.e. The .oieties including the 

fully huxnan varxable regions produced by the methods of th! 
10 invention include single-chain fusion proteins, .olecules 

coupled by covalent methods other than those involving pp,i,, 
linxagea, and aggregated molecules. Examples of analog! which 
include variable regions coupled to additional moleculL 
covalently or noncovalently include those in the following 
IS nonlimiting illustrative list. Traunecker, a! et T 

^^^^^^ (1992) S^..si-S2 describe the bispecif iftf.ent 

20 llTr.. /"''^ """^ by the 

20 method of the invent Inn v. 

coupled to alteZati V , . """^^^^^^ i«o molecules and 

Cited Article T r illustrated in the 

™« , . ^ h-teroconjugate antibody composed of 0KT3 

also be constructed u:;ngri:arr r "e" 
conta ned in the ln«:.noglobullns produced by the itventiL 

r: ' ^^^^ °^ -i^Ped^lc antibodies m^lude 

those described by Ranger M w »^ =7 ^ inciuae 

30 £fi:181-l94 and by Fanger M „ ! ? '^" '' ^^ ^ ^- ^ 

12-101 124 r . Crit Rfv TMmnI (1992) 

^nllli \ "'^"^"^"^^ ^^-^ immunotoxlns including 

r ^oxinTL":''^''^^ '^^^ -""^^y '^-"^-^^ in the art. 

The toxins may be coupled to the antibodies by conventional 
coup ing techniques or immunotoxins containing protein to" n 
portions can be produced as f„=H„„ . P^ocein toxin 

present invention can be used in a ^^^"^'^^"^ ^^^^^^ of the 

such immunotoxins. IlLstrative ^/"^"^f ^^^^"^ ^^^^i" 

■Lxxustrative of such iimnunotoxins are those 
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described by Byrs, B.S. et al. S.p^jn.^p r^n Bim. 2:59-70 
and by Fanger, M.W. et al. Irmnun»l Tn^.y (1991) JU:Sl-54. 

It will also be noted that some of the iimnunoglobulins 
and analogs of the invention will have agonist activity with 
5 respect to antigens for which they are iimnunospecif ic in the 
cases wherein the antigens perform signal transducing functions 
Thus, a subset of antibodies or analogs prepared according to 
the methods of the invention which are irrmmnospecif ic for for 
example, a cell surface receptor, will be capable of eliciting a 

TlTclZl f Th"''' '"'^ corresponding to th!t 

elicited by the native ligand. Furthermore, antibodies or 
analogs which are immunospecif ic for substances mimicking 
transition states of chemical reactions will have catalytic 
activity. Hence, a subset of the antibodies and analogs of the 
15 invention will function as catalytic antibodies. 

In short, the genes encoding the immunoglobulins 
produced by the transgenic animals of the invention can be 
retrieved and the ■ nucleotide sequences encoding the fully human 
variable region can be manipulated according to known techniques 
20 to provide a variety of analogs such as those described above 
^riffi i-»^oglobullns themselves containing the human 

variable regions can be modified using standard coupling 
techniques to provide conjugates retaining immunospecif icity and 
fully human characteristics in the immunospecif Ic region 
v.. . ^"™^°3lob"lin "analogs- refers to moieties 

which contain those portions of the antibodies of the invention 
which retain their human characteristics and their 
iinnunospecificity. These will retain sufficient human variable 
region to provide the desired specificity. 

AS stated above, all of the methods of the invention 
include administering the appropriate antigen to the transgenic 
animal. The recovery or production of the antibodies themselves 
can be achieved in various ways. 

First, and most straightforward, the polyclonal 
antibodies produced by the animal and secreted into the 
bloodstream can be recovered using known techniques. Purified 
st3 1 -tibodies can, of course, be readily prepared by 

standard purification techniques, preferably including affinity 
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ohron^tography with .aspect to t!" 

-th respect to the particular . ^'""'^^^^^ -^^^en, or even 
^Pecificity ie aesire.. Z llyZT^' ^^^^ 

—ess o. l^ni^ation, the anti. r " ^° '"^'^^^^ the 

5 antigen in serum win h ^""^^^ody levels with respect ^ . 

-uch as ELISA Rxl . . "-ing standard tecL ' 

KiA and the lijcg '-^chnigues 

portion Of thr'poi^'ioraTa„t7sT '"^^ '^^^ a 

endogenous heavy chain constan '"'^'"'^ 
10 even though the variable 11" " '"^^ host 

clrcun^tances. to the extent tiVa" --e 
humn antibodies, use of ^PPlication requires ful, 

inappropriate. Howler \hT"°"" '^i-ctlVwo.L 
Which is believed to result frlT""" °' '""^ chi„.eras 
" ibed by Geretem e. a, rZ '! -itching as 

Problen^tic, in view of con;e^ °^ 
»«o<ilfication znethods and inT ^"'^"i-tion and 

alternative methods to reco " °' '""^ availability of 
-Sired, described in^hrrL:^^,^"^^ 

First and m °-'-^°*'ing paragraphs. 

subjected to -itabl^e s:p':^^^' ^°^^'=^°-l -"seru. could 
compositions containing olZ Tuli \ '° 
Portions Of the serum !hi"\'T ^-^^obulins. 
species can be removed '''' <=l»aracteristics of the ho«^ 

Inimunospecific portions -k' i«™»noglobulins or 

-here only the variable rer°'- ^or appii^.^,,, 

-eating the polyclonal anti.e"^' are're;":: 
to generate P ^ p antiserum with suitable reao^n. 

on «>' '^ab' / or P, , ""AC reagents ao aq 

:u«i?^'^^ cJitt'eCttrr"" 

sufficient for use, for examDl. fragments are 

immunoglobulins to de^«n^. ^ Portions of 

^hus, for some appu^^.I^^';^ "^^-^^ such as radioisotopes. 
" '""^'^ ^° P-vide compositions wfl^''°"^' ^''^'^ be 

-eluding compositions con" t '"^'"'^ characteristics 

-tibodies and compositions "7.:"^""^''^ °' '^''y 
-rein the ^^nospecif i/ ~J .X"^" ^^^^ 
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_ Alternatively, iimnunoglobulins and analogs with 

des.red characteristics can be generated fro. in^ortalized B 
cells derived from the transgenic anirr^ls used in the method of 
the xnventxon or from the rearranged genes provided by these 
5 anxmals .n response to in^unization. It will be apparent that 
hybrxdomas derived from the-B cells of the i™i.S an^l can 
be screened so as to choose only those secreting fully h^n 

:h;"h;::::o:: ^^-^"^ -^^^^^^ - - recovLdTom 

the hybrxdomas or from lymphocytes in spleen, blood, or ly^ph 
■0 nodes Of the i:«nunized animal and manipulated using conveirfonal 
techn.,^es to replace any endogenous constant regiL with a 
human one or to produce a desired analog. 

directlv alternative to harvesting the antibodies 

directly from the animal, the B cells can be. obtained, typic'ly 
5 from the spleen, but also, if desired, from the peripherl! blood 
lymphocytes or lyn^h nodes and immortalized using any of 1 

mmortaiized B cells) can then be cultured as single 

specificity. As described above, the screen can also include a 
determination of the fully human character of the antibody po. 

Wherein the monoclonal in the hybrido.. supernatant is bound 
both to antigen and to an antihuman constant region can be 
en^loyed. Conversely, hybrido„«s that secrete antibodLs which 
are immunoreactive with antispecies antibodies directed to the 
species Of the immunized ani:„al can be discarded. After the 
appropriate hybridomas are selected, the desired antibodi s can 
be recovered, again using conventional techniques, ^ey c"n be 
prepared in quantity by culturing the immortaLed B^eTls usLg 
conventional methods, either in vitro, or in vivo to produce 
ascites fluid. Purification of the resulting monoclonal 
antibody preparations is less burdensome than in the case of 
serum sxnce each immortalized colony will secrete only a single 
type Of antibody, m any event, standard purification 
techniques to isolate the antibody from other proteins in the 
culture medium can be employed. 
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directly tTo.^lTlirZ^i;° '""'^ in™nogXo.unns 

rearranged heavy chaTn 1,1 . ^ °^ 

5 expression and/1 genetic' ' ^^-'^-'^ 

such anti.ody-prod!: f '^'^ °^ 

levels of the appropriate high 
a CDNA library.%°rrecLrr ^^^''^'^ P-duction of 
manipulated 7s desired If "^^""^^^ -n be 

10 exchanged for that of a diff """^ =an be 

antibody, as described ab"e °' °' ^ 

variable regions can be^i^ .T ^^^^^ether. The 

regions. Multiple I LJ " "° ''^^'^ ^"^'^ 

ability to more tL .nf :r '° ^^"^^"^ 

as Chain combinations can be '^^^ 

is available, design of ana^L " ^^"^^"^ "^^^^-^ 

their ability to bi^d the'elitrt "'^^^ "'^^^^ 

Characteristics, is straightf.ta.d^'^^^^' "^'^ ^^^^^ "^^^^ 

- <^esired!°l\::r -erial is obtained and, 

including those that encode T^°^' « 

Of the hun^ heavy and ligh^ IL^ ' 
expression systeal col.^ . ^"^^"^'^ i'^to 

into standard recon^inan.tsrU^^^^l^'r^ " 
5 variety of such host cell« n, 1 described below, a 

processing, however ' ^'^^^'^--t 

~ian cell Xi."; u^ ^r^M^ ^" 

293 cells, or NSO-GS cells. Purpose include CHO cells, 

undertaken"; -e t,,,,^ ^^^^^^ 

culture conditions r^r'opt,::?'^?^^^'"^'^-^ 

and the expression of thTc^ n °' -^^^ 

then recovered from the cultur. T""" -"^°dies are 

preferably designed to incln^ ■ «=^^«^«icn systems are 

resulting antibodies are ' "''^"•"^^ "° '^l^- 

-racellular product^:: i^^^tblt ^'''"^^ 
In addition to d i 4 

the immunoglobulin genes tfn f'" "^^'^'^ °' ^oiitie6 forms of 
9enes to produce analogs, advantage can be 
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taken of phage display techniques to provide libraries 
containing a repertoire of antibodies with varying affinities 
for the desired antigen. For production of such repertoires, it 
is unnecessary to immortalize the B cells from the immunized 
5 animal; rather the primary B cells can be used directly as a 
source of DNA. The mixture of cDNAs obtained from B cells, 
e.g., derived from spleens, is used to prepare an expression 
library, for example, a phage display library transfected into 
E, coli. The resulting cells are tested for immuno reactivity to 
10 the desired antigen. Techniques for the identification of high 
affinity human antibodies from such libraries are described by 
Griffiths, A.D., et al., gMBQ J (1994) 11:3245-3260; by Nissim, 
A., et al. ibid, 692-698, and by Griffiths, A.D., et al . , ibid, 
725-734. Ultimately, clones from the library are identified 
15 which produce binding affinities of a desired magnitude for the 
antigen, and the DNA encoding the product responsible for such 
binding is recovered and manipulated for standard recombinant 
expression. Phage display libraries may also be constructed 
using previously manipulated nucleotide sequences and screened 
20 in similar fashion. In general, the cDNAs encoding heavy and 
light chain are independently supplied or are linked to form 
analogs for production in the phage library. 

The phage library is thus screened for the antibodies 
with highest affinity for the antigen and the genetic material 
25 recovered from the appropriate clone. Further rounds of 

screening can increase the affinity of the original antibody 
isolated. The manipulations described above for recombinant 
production of the antibody or modification to form a desired 
analog can then be err^jloyed. 

As above, the modified or unmodified rearranged loci 
are manipulated using standard recombinant techniques by 
constructing expression systems operable in a desired host cell, 
such as, typically, a Chinese hamster ovary cell, and the 
desired immunoglobulin or analog is produced using standard 
recombinant expression techniques, and recovered and purified 
using conventional methods. 

The application of the foregoing processes to antibody 
production has enabled the preparation of human immunospecif ic 
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reagents with reaDer^ i-.^ ^ . 

have not heretofore been f'" ""^'^^ antibodies 
result fro. t^ZJl TesZllT'- ^^-^^^o^ulins tbat 

possible thereby, provia" ro'\ "''^'^ ""'^^ 
5 analysis, diagnosis L =°-POsitions for use in 

Will. Of coursT depei: -"^^^ 

prepared, m generS th. "-^^^^-li" or analog 

have utilities siiri; .'^^^^^'^P-^^-- -^^e invention will 

antibodies directed ag. nst ::! ^^'^'''^'^ " 
10 include, for exainpie Z '"^^ utilities 

purification, aTTea.en in^ L^"'"'^^ '''^'''^ 
imoconjugates and ^"""'^^^^^^l'^ ' components of 

indications " therapeutic agents for appropriate 

15 diagnostic'age^^Tfor''use T."" f ^'^"apeutic agents or 

einploy antibodies or their an.!"^' . " ^^^^^^ advantageous to 
characteristics Thef "^"'^ ^""^ ^™ 

responses engendered by a"t7bl' ""'"^'"^'^ 
Characteristics narking Hi °" ^'^^^^^ 

20 species, other att^ts to -hi"?'"""" 

in reagents with fu^: antibodies do not 

result 

Chimeric antibodies Jth^.! 
constant regions are easllTn 

murine characteristics In th ^^' "^^^"^ 
25 znore difficult procedure of 'h f^'' "^'""^ ^^"^ 
manipulating the genes encl "^" "^''^^^ 

^o«, the fra^eworfreg^ns do!' "^^'^'^^^ ^'-^ 

Since the CDRs, typlc!uTof T """^"'^^ '^^^^^^'^ --"^t 
-nlpulated witho^I destrovi " '^'^"^ 
30 methods Of the present in ^"^"°«P«=if i=ity . Thus, the 

i-noglobullns^lt L JuU 7 ""^ 
irm^ospecific regions with fuller 

There are 1 characteristics 
antibodies and their h^'n^^f" °' ^"^^ 
'5 the methods of the Inve^L ""'^ ^^^^^^^ 

nonlimiting set: " include the following as a 

™, ^tr.rr^o::" " ™' ™. 

■ "l". 0.20, 0,22, „„ 
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CD27 and its ligand, CD2e and its ligands B7.i, B7.2, B7 3 CD29 
and its ligand, CD30 and its ligand, CD40 and its ligand 0^39 
CD44, CD45 and isofonns, CDw52 (Canipath antigen), CD56, CD58 ' 
CDSS, CD72, CTLA-4, LFA-1 and TCR 

histocompatibility antigens, such as MHC class I or 
II, the Lewis Y antigens, SLex, SLey, SLea, and SLeb; 
VT. 1 molecules, including the integrins, such as 

VLA-1, VLA-2, VIA-3, VLA-4, VLA-5, VLA-S, LFA-1, Mac-1 and 
pl50,95; and 

10 the selectins, such as L-selectin, E-selectin, and 

P-selectin and their counterreceptors VCAM-l, ICAM-I ICflM-2 
and LFA-3; ' ' 

interleukins, such as IL-I, iL-2, lL-3, il-4 xu-b 

15 ll'l's'""'' ^^-^2'.^^-". II-'l4, a;d 

rr .r. . ^'^^^^^^^^'^i" receptors, such as IL-iR, il-zr. il-sr, 
II.-4R, IL-5R, IL-6R, IL-7R, IL-8R, 1L-9R, IL-IOR, IL-llR ■ 
IX--12R. IL-13R, IL-14R, and IL-ISR; 

chemokines, such as PF4, RANTES, MlPla, MCPl, NAP-2 
20 Groa, Gro/S, and IL-S; / -i, «af 2, 

growth factors, such as TOFalpha, TCFbeta, TSH 

ZlT'r':' -^otheu;, and 

gastrin releasing peptide (GRP) ; 

growth factor receptors, such as TNFalphaR, RGFbetaR 
25 TSHR, VEGFR/VPFR, FG^^, EGFR, PTHrPR, PDGFR t^ly, epo R 
GCSF-R and other hematopoietic receptors; 

interferon receptors, such as IFNaR, ifn^Sr, and IFN7R; 
Igs and their receptors, such as IgE. FceRI, and 

FCgRXX ; 

30 tumor antigens, such as her2-neu, mucin, CEA and 

endosialin; 

allergens, such as house dust mite antigen, lol vl 
(grass) antigens, and urushiol; 

35 ariTT ^rJ^""^^ Proteins, such as CMV glycoproteins B, H, and 
L^ e^vel T ^li'-P^^-ins, RSV envelope glycoproteins. 

HSV envelope glycoproteins, ebv envelope glycoproteins, vzv 
envelope glycoproteins, HPV envelope glycoproteins. Hepatitis 
family surface antigens; P«ticis 
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osteopontlnj^rop^ntin'"' ana^r^''^' endotoxin 
^lood factor ""'^ 

= associated growth inhibitor' and 

enzymes, such 

n-en^rane bound ^tri. .etaaatrrtlT' ^"^^ "^^^^^^ ^^-i- 

decarboxylase (gaD) ; and ^"^^ glutamic acid 

- .angiiosidn;'''::::;^^^-^^- .a„,Xioside OBs, 

eosinophil catlonlc prot^f ' T'^^P^^^ "^^o- basic protein 
collagen, gi,,.,,, J;";-' P^C. ^.^^i protein/^^^^^ 

" ^'oSe^mT:,,'^^^^^^^^^ and analogs are 

human tof^, human CD4 huJ„ ? IL-e 
antibodies against zls T^ ^'"iectin, and human gp3s ' 
tu-.. metastasis and^n^l^™--- P^e:entrr 
"perfusion injury. AntlwT ^« asthma and 

^0 human ^« °^ies and analogs i«.m,norea^irwith 

septic shoc^c as well as autoLl"'"' . treating cachexia ana 
analogs i^unoreactive wither' ^"^°«^ies and 

effective in treat In "^th L-selectln »^ , 

^ -ition. anti:;tll~T 

5 disease, m preventing orgfn \ ""^ ^«""b host 

treating glomerulonephritis 'fT'" In 
^-lectin are useful L":,,,*^ "^'^'^^^ against 
reperfusion injury. "^"^^^ ^^^^^ia associated wit^ 

-e -ove-mrii\:rr:irar — ^ 

lupus erythematosus, rheumatoid a .rf ^^' '"^'"'^^ ^^"emlc ^ 
scleroder^, '"ixed connec^l.T ^^°^«n's 

polymyositis, Reiter's sv^h disease, dermatomyositir 

^^-etes, Hashimoto.\;~/t""^ "^^"^ 

-lerosls, myasthenia gravis ,1' ""^'^ "-^tipie 
examples Pemphigus. ^ 

to lin.it the invention. " '"^^"^^^^ Illustrate but not 
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are 



tne specific examples below. The sera o-f ^v. 
iinmunized xenomice (or th^ . 

^ , supernatants from immortalized B 

^^^^^-Jz^^ r:"r 

sera in. =, ^ "^^ ^^^^^'^ blocked and the 

Characteristics Is aetLr.^ "' ^^^^"^ 
antispecies Ig .^ica x; L ^PP-priate 

(HRP) for one hour x^tr ""^"^^^^'^ ^° horseradish peroxidase 
tested for .nurinTcharaeteristl"'' T 

typicax.. anti^ri„e~t i\:r "a^™-' 
chromogenic reaoen^ r^ ' . ^ ^ washing, the 

20 hydrogen perolTLTa^. " ''"^"^ ^"""^^^^ 

ter at 492 nm using a microplate reader 

Plate coati:r::fftTrMr:' ^^^^^^ 

blocking hufLr used lls o sTltrTTT''- ^^^^^ 
25 Thimerosal in PBS- L! k ^° 

sax m PBS, the substrate buffer used in color 

oeroxld. ' ^° P^"^ 5 ml hydrogen 

0 ~ .i?a:iT - -elo:™ent, .as 

acid. The wash solution was 0.05* Tween 20 in PBS. 

and inununiL^IntraLT"^" age-„«tched 

: in co:„plet: preld ra^'i '''' '""'^ 

inco Jete FreuI^Vj '""'"' "^'""^ i-unization and in 

.ice received in e^t oT: T^"^" 

injections 2-3 weeks apart. Serum titers were 
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determined after the second dose and following each dose 

ZrT^\ ''^^ ^^^^ injections 

from the retrobulbar plexus. The blood was allowed to clot at 
room temperature for about 2 hours and then incubated at 4oc for 
5 at least 2 hours before separating and collecting the sera 
.nn w ^^"^""^ "'^''^ conducted as described above by applying 
b f: r at . mg/ml in coating ' 

buffer Plates were then incubated at 4-0 overnight or at 37 = C 

10 TJ. '"^'^ ""^^'^ ^^"^ ^--^ --^ing buffer 

10 Addition Of 100 ,l/„ell bloOcing buffer was followed b^ 

incubat^on at roc. te::^erature for . hours, and an additional 3 

Then, 50 Ml/well of diluted serum samples (and 
15 IZtT r^"'"' '^'^'"'^^ ''"^ ^^'^'^ ^'^ Plates. 

a^t^::;::d?:i:e~ - ^ - 

Chain anti^^dv^^''''"^' "'^""^ °' ^''^^"^ ""^"^^ antihuman , 
Chain a^ti^dv '° °^ -^^^--n ' 

20 IfleV: e l:ri^^^^^^^ -luted in blowing 

aaaea. After a x hour incubation at rocrni 
temperature, the plates were washed 3 times and developed with 

«r ^''^''^''''^^ •^^^ '^^^""s read on an ELISA plate reader at 
«2 nm o^e dilution curves resulting from the titrationlf 
25 serum from Xenomouse- A40-7 after e injections are sho^^ in 
^re 1. ^e data in Kigure a show production of antTli"e 
inummoreactive with antihuman . and antihuman detectable at 
serum dilutions above l:i,000. detectable at 
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ExamplP 7 
Human an^^^p^^„^ ^-^alnB^ u^m^-^ TT,-f 

in Examnl«T'''""°" Preparation were as described 

" =-ample 1 as except that human recombinant lL-8 was used as 
an immunogen. as 

ELISA assays were performed with respect to the 
recovered sen^, also exactly as described in Example i excent 
that the ELISA plates werp ^r,^..^ ■> -i *^-ie i, except 

. f^aces were initially coated using 100 pl/well of 
recombinant human IL-P at- n c / , ^ wexj. or 

un>an 8 at 0.5 mg/ml in the coating buffer. The 
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amg was again shovn at senm dilutions havina 
concentrations higher than saving 
dilution. represented by a i:i,ooo 



Examnlp t 



.escribed Ll^^fr--- ^ ^-ducted as 

10 substituted for hu^n XL 6 ..i^L " "-"^"-^ was 
in Example l except tha^ !h conducted as described 

e«,pIoyed XOO ^lll rllZ ^"^^ P^-e 

coating buffer. "^^'^^'^^^ at i „g/^ 

IS after . inject CobTail?' X,^^,,,,. ^^^.^ 

significant titers !f h ^- ^5^^- 

titers Of human anti-TNF. binding were sho«.. 

ExamnlA 4 

_ Bunao^ibod^., ^^.iTinr tm^viii rri| 

30 protein us^g SI ^ '"^^^'^ " ^ ^"'^^^ 

follows. Hul!^ Tci r ''^""'^^^^'^ recombinant cells as 

^ f consists of the #>'Jf^T.a^^^^ i 

CD4, the transmembrane domain of cof tL . , °' 
of residues 31-142 of th« 7^ cytoplasmic domain 

as described in nlrr^:: aV't' 

25 introduced into the rat ®^ ^=^878 was 

described by Call! " !r'^ '^^^ ^'"^ 

2fl:10454 using the Lt Li t '^^^^^^^-^^^^^^^ad.S.iJI^ (1993) 

described by 'ine. « TT""'' transduction system 

2H3 cells at io« cell ' i'wT" ^^'^^ 

>0 20% PBS (Gibco) ani i« . ^M™^"" * 

pro.iraiU:itiVf\:rhou~^ — ' 
::::at:n^~- r - - ---."edT^ ardMirai 

oversight. The ceiia ' ^-"^"ed 

S PBS until sufficitt ce wrtatabTf^" " ^"""^ * 

zeta transduced RBL-2H3 c.n ^''^'^^'^ «°"in9- The CD4- 
2H3 cells were sorted using the FACSTAR plus 
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(Becton Dickinson) The r^«n« 

mouse antihu^nan CD4- PE ant . '""'^ "^^^ ^ 

cells were selected. ^ ''^^ '"^^ expressing 

was subcutaneous i re .:r:;:r'' 'v" '^'"^^ '""'^^^'^^ 
injections 2-3 weeks apart . " "'^^^^^^ ' 

t.e ..xs. Plate ::iir:2\^ ;r;:: : 

10 soluble CD4 at 2 m<,yn.i * recombinant 
•-JJ* at 2 mg/ml of coating buffer The tl^T-=^,• 
for serum from Xenomouse"- A207-1 af^.r ^ • "'^^^^^''^ ^^^e 

Figure 4. Titers v, injections is shown in 

concentratioiX::3:r:r"""' "^"'^''^^ - 
dilution. ^P'^^^-^ting greater than those at a:i,ooo 

5 

M«h... B,g.tlve control ! ,f "''^ "» 

»eaim, without G«ie. ' *° 

-eelc .pare. l»3«"ioo tor a total o£ liva Injsotion. 2.3 

Exa.pl. 1. ' " tl-t ■« forth 1„ 
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5 solution (S% glacial • . i x PBS and then fixing 

contained murine TclTZl T '"''"'^^ "^^1- 

Th! „ 1, """"^^lon^l antibody to human L-selectin 

incubated with either ^tL "'""^^^P^" -ells were then 

Chain antib«.. with 
<^-cribed in Leaner: T T ^ f^^° ^^^^^-^^ conjugates with HRP 
BSA/PBS and agaZTwiti'pBr f "^'^ """^^^ ^^'^^ " 

20 ^e Plates weL L^ei' T at T'^"^' '"^^^'^^ 

The results for ser^ frl T^^ ' 

"™' ^'^o" Xenomouse"' A303-'? ar-^ ..u- 
S and 6; huraan antibodies both ^o t 7 / ™ 
cells were obtained. Howeve' th '"^^^^"^^ '^-trol 3X3 
the I.-selectin-e^ressLg "x^a^r ^'"^"^ '^^^^^ 

25 cells. These remits show "^it Xen""^"»' '° 

antibodies specific f or r , A303.3 produces 

.egions and/L ^l^Ti^^s""^ ^ 

antigen a f^^ pl^:ei\"L~^ """^ ^ 
30 Of hun^n L-selectL fused to tn " «tracellular dentin 

fS-o. «t al., cell r!l , ? °^ l^^n^n igG, 

rirmiTinl 1994) 154-202) Tho t -, 
fusion protein was made by tran« " ^-^electin 

cells using calcium nh^ I ''"^""'^"^ transfection of human 293 
(1979) ^',TZ^ •transfection (Wigier, M. , ^ 

except that the LtLi coatr"'' ^^^^^^'^'^^ - Example 1, 

Ml transfected 293 ceu cult '''"^ "° 

cell culture supernatant containing the 
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.«':;™?;i:";t,L'rr: 

goat antimouse IgG. 

antibnHi ' '''^ "^^^^^ ^^^"^ Xenomouse- Aiss-s- 

antibodies specif ir fr^y r ^ , ^j-^^-2j 
q V ^^*=^^^c for L-selectin having human k liah^ r.h= • 

5 and/or human variable i-^rr-f^ . ^^^i < iignt chains 

are p.esen. in the s:^' "'^^ ^^''^ ""^^"^ ^^^^ > -^ions 

also .es.j^r:L~:r 

^-selectin. Huxnan neutLMl "^^-P^^^^ -^ich express 
10 peripheral Mood was coUec = 
units/„a heparin. Ibo" 3" Vr ^^^^ 
volun.e Of oL-steo ^1 '^^""^ equal 

neutrophil fraction ^L rl T " ^ " "^^^^ 

(1) an^^ ®° Stained vith either: 

^At-iserum from Xenomouse'" A195-? ay*. 
Figures 8 and 9. shown in 

regions In^-unoraactive^.T '"''^ 

antiserum frc«„ mice iL'! ^'T""''''- '^^ "^^^"""^ <=°"'=-°l 

antibodies reLrive aTT "^'^ 

antibodies binding 1^^^! ""^'^"^^^'"^ "^''^^ 
anti.ouse Xgo anti'C^nj^^^^^^^^^-'^^^^ "^^^ ^ 
protein conposed of fullv T ' "'"^^ ^^^^ ^^-^n 

constant rl^ions stal f T ^""^ -"^-e 

5 antisera detected with ' ' ^-electin Xeno.ouae~ 

< Chain antibody is shol^'pi"""'""' 

fully hun^n , light chai" " ' P"^^"" °^ 
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antibodies. Por e" i! ' ""^^"'"'^ '° '""''^ 
a^^^Ho^■ ! ^^Ple, using hybridomas secreting these 

5 Zl , '"'^^ ^'^^^'^^'^^ o^^ained 

c^:::: : :t"::r ^ 

into piasL: :: : ^^"^ ^-^^ ^^^-^-^ 

^wiicainmg the coding seguences far- h,im. 
Example fj 

,^ finr.ihnrne^ a^.^n r f ff -^m ami 
as reco«a,inant gpig Lco^! '"^"^'^ ''^^^ 

-.nospeoi.rLr;r™ 

heavy chainTreiLn "''^'^ ^'''^ '^'^^ --"-t 

the man^axian eZLT, ^^^^^^^^^ gp39 cDNA cXoned into 

Figure 10 C^Zlls T ^^'^^ •H^^PBVIH.S NKO as shown in 

25 suppXemented with addi^! ^ , ^i"'^*^''^' MEM, NEAA 
thyxnidine T^e Lxif ' and 

PSV2DHFRS (Subranani et a. M f """^ --Pressing vector 

30 la^e? he^c xx\\r::iriir ^"^^"^^ -—ion/ 

containing G4X8 It o 6 1 , '"""^ 

jing ani:i!gpttti::dT ~^ - — 
With 3oo.xrc" x?:L^?^'''='^''^' ^^^^ ^ 

35 subcutaneouslTat tS b ' "^'^ ^ ^^"^^ l-unization 

intraperitoLaX inje e^::: "^'^ ^^^^'^^^^ 

as described in 122117^''^ '^^^ ''^^^ ^^--^-'^ 

E^le 1 for the ELISA assay. The ELXSA 
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trypsinized and plated into f ^^^^i^' the cells were 

controls were mouse antihu,nan ^-^^ght. The positive 

antisera from mice in^ZT "^-e 

- SO ,1 o. sample were^^I^^?; ^3.. 

-say is as^descrli^ed in Ex^xe , ''^ """'"^^^ °' '^^^ 

injections'^r^m' mrc?rm:::„7::^ Obtained after . 

are shown in Figure 11. ^„ expressed on CHO 

cells 

In addition 

react with activated l^^.^l^l ^"^^'^ their ability to 

analysis. To prepare the pLc ^ ^^^^^ ^ACS 

!0 collected from normal voluT^ T° ^^^^^^-^^ ^lood was 
-It/ml heparin. Pb^c ^e^T'r^ "^"'^^^ "0 

activated with 3 pg/na , ^^''"^^ gradient and 

PI- 2S ,„ .-u.rcapt^.^;,^,:f f '° 

PBMC were stained with m^se Z 1 T"' "^''^ ^he 
' P^-it separation Of T,* !Tc^^'^'' '^^'^^ ^'^^ 

The activated CD4* r! human T cells. 

PACS using staining with .Zl^' ^ "'"^ ^'^'^ --l^-<^ 

^ntisenim -F 

cells producing gp39; ^ Xenomouse- immunized with 300.19 

2^ a positive conhr-^T 
-CD40L (human gp39) ,. directed against 

immunized with TN^^^"^''* control antiserum from a Xenomouse~ 

antimouse Z T.T'ZT.t^Z T """t ^""^''^'^ 

As Shown in Pi J " ^''"'^ ^^^^^e 12. 

were separated prior to P^cs ana^ "^'^ '^^^ -lis 

results for CD.^ cells and sho" " ' ^^"^ 

' that sera from mice immunized 
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With gp39 (labeled A247-4 in the figure) reacted with these 
activated CD4+ T cells; panel C shows that these sera did not 
react with CD4- cells. These antibodies carried murine heavy 
chain r constant regions. The results of panels B and C also 
confirm that the TNF- injected Xenomouse'" did not make antibodies 
against gp39. 



Examplp 7 

Pgeparf^rlon nf Hloh-aff^n^ tv Human M;,y. p 
flqainBt. Tahanua Tnxin 
^° antibodies prepared in this example were secreted 

by hybridomas obtained by immortalizing B cells from xenomice 
immunized with tetanus toxin. The immunization protocol was 
Similar to that set forth in Example 1 using. 50 ;:g tetanus toxin 
emulsified in complete Preund's adjuvant for intraperitoneal 
15 primary immunization followed by subsequent intraperitoneal 
injections with antigen incorporated into incomplete Preund's 
adjuvant. The mice received a total of 4 injections 2-3 weeks 
apart . 

After acceptable serum titers of antitetanus toxinC 
20 (anti-rrc) were obtained, a final immunization dose of antigen 
in PBS was given 4 days before the animals were sacrificed and 
the spleens were harvested for fusion. 

The spleen cells were fused with myeloma cells P3X63- 
Ag8.653 as described by Galfre, G. and Milstein, C. Method, 
25 EnzvmnlncTY (igsi) 21:3-46. 

After fusion the cells were reeuspended in DMEM 15% 
PCS, containing HAT supplemented with glutamine, pen/strep for 
culture at 37»C and 10% COj. The cells were plated in 
microtiter trays and maintained in HAT- supplemented medium for 
two weeks before transfer to HAT- supplemented medium. 
Supematants from wells containing hybridomas were collected for 
a primary screen using an ELISA. 

The ELISA was conducted as described in Example i 
wherein the antigen coating consisted of 100 /il/well of tetanus 
toxin C (TTC) protein at 2 mg/ml in coating buffer, followed by 
incubation at 4»C overnight or at 37»C for two hours, m the 
primary ELISA, HRP-conjugated goat antimouse IgG at 1/2000 was 
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.ss.; ToT7: ': t^^^' ^^^-^^ ^-^-^-^ - 

analysis. ^^'^ -ere used for further 

anti-TTC wMcriTditelt'Sr! ^""^'^^^ ^^^y hun^n 

Chain antibody and mp T ""^ ««P-onj-9ated antihu:ran , 

-is is confiled iTlZZTT^lTT^^ ' 

clone K4.1 secretes ^ntTZn / " that 

- anti^rine , and 

Clone provides an^Jrc T -us, 

confirmed in ri^.,, X anTa, ani a '™ ^"'^^^ ^^^-'^ - 
7 region. " ^ """ne constant heavy chain 

IB i-noreact'^iV^^.lru" :rS^^^^ ^ '^^^ 

antigen under conditions where " i«nmobili^ed 

-enomice i^^nized with r^T%lT T 

positive ELISA results. ' ^^'^ respectively) showed 

^0 K4.1 for O^'a^tlgentarlt' -noclonal antibodies secreted by 
reagents and InstLnenL^ion "^^T' "^""^ ^-""cially availabL 
chips, surfactant P20 an^ . " -struaent. CMS 

sensor 

from Phannacia Biosensor (PiscZ '"""""^ purchased 
at two levels of antigen iriT " i^-obillzed 

5 Chips according to the HT ^ °" censor 
after washing L eJ^ixZ^'r""^"'^ instructions. Briefly, 

containing surfactant the . "f "^''""^'^^ 

was immobilized. ' ^"^^a«s were activated and the TCC 

-th 3s etti\tiVoTr.r™ 

was bloced by injecting 3 TrM""" T 

remove noncovalently bound TCC L "'f '^^^^'^^ and washed to 
i-cbili.ation procedure Is L! " ' « -tire 

buffer at S This' suTt ' ^^-^i^-ous flow of 

units (RUJ Of TTC per chip. Uooo'^a ^^^^""^^ 
Of protein per nm,^.) ''^ corresponds to about 1 ng 
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For chips With low antigen densltv th» 
utilizes 15 ul rathe,- aenslty, the procedure 

Hi. rather than 30 ul of Trr t-^^.o^' 
containing 550-950 RU. resulting in chips 

Chips could be regenerated after use in = • ■, 
aeter^inations injecting lo ,1 fo^l oV^gcC ' ' 

determining kI^^T^T " '"^"^^^ '^""'^^ ^"^"^^^ 
constants) fo^ th! ^nt h d dissociation rate 

The association rate col Ir'' " i-oMli.ed ^c. 

flew rate of 5 .1/Jn " ^''^ ^ 

ix. the range of'afir^! ^33 r":r"^"'°'^^ °^ ^ 

constant is n^easured 2 11 T' <^^««°=i-tion rate 

after con^letion of the J.TTl °^ = '^^Z'^- 

graphed in Figure 15 and th f ''^^"^^^^ -^^^ data are 
tr^le 1. calculated results are shown in 
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As shown, the K4 i anh-iK^'^ u 

S detennined as shown in Figure. i6 H l " -onoclonals were 

fro. a.out 10^ hybri.on. Ten! and used . ^ 
randon, hexa^ers as pri.ers PortL" . k''"""' '^^^ "^^"^ 
a^n^ied PCH U3in. ... ap"/;:---" 

.0 Cains; jr,r;- - r^^^^ - 

primers used were HKPi Zn ^ encoding cDNA, the 

^or pricing fro. the oitlnT'^T''''''''^"^^-^'^ 
-ed in e<juax amounts to pM^'"'"" T"^"^"^ ^^'^ 

" <5'-GAAACGACACTCACGCAGTCTCCAGC-3') 

contains JSn'Tc^s^LVr" T7 '"^'^ ^^c^ 
— Vi .or the hu^: vartht^: ' ^""^^ 

5' -CflGGTGCaGCTCGAGCAGTCiGG-3 ' whf ^ J 
- recogni.es the hu_ ^t^L rr^its"" "r^"^^ 

and from the constant region m LT ^""^ 
S'-6CACACCGCTGGACAGGGATCCAiAGTn.C 3- "^'^^ . 

as Shown recogni.es .urine .a^.! ^^T^^ '''^^^"^ 

derived ^rT.7:ir.::T^^^^^^^ - - anti^od, 

was used to pri.e f rom ^h f " "^^^""^ • 

constant region terT^ ^ ^^^^ 

0 -P--ntiIjTh^"^he""^H!.'^"'"''° ^"^'^ 
ae^ence sh!ws the prTs n e J thTh"" ^^^^^"^ 
the humn diversity regiL ° . 

Zinced to the Line v x co' T ^^^^^ 
-nations fro. the plusheV::","' "^'^^ ^^^^^^^^ 

the variable region two f ^ ^'""^ ^^'^^''^^ ««e present in 
o^ae^ed in the^n s^gl::," T ^'^^ 

additions were presenTL ^h n"' ""'^^^"^^^ nucleotide 
P esent m the Dj,-j„ junction. 
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Referring to Figure 17 which shows the light chain o. 
the M ^^^^^^^^ ^^^^^^^^ t! hlr. 

variable reg.on B3 and joining region JK4 . Eight nucle^Ls 
are missing from B3 at v t - . ^^ucj.eociaes 

5 found in the varil^ir ' ntutations were 

variable region. Five nongermline nucleotide 
additions were present at the V,-j, junction. 

Referring now to Figure 18 which sets forth the 
se^ence for the heavy chain of the antibody secreted byclone 

er::oi^r:ar rr " ^ --^-^ 

the variable Lgi^r neiT °" "'"^'"^ - 

mutations were L The D ^° ^'^^^'^^^-^ 

addition, were — 

H^h^ V, J^""^^^^' ^«f««ing to Figure 19 which presents the 
light^chain of the antibody secreted by 05.1, the hun«r. 

raere are nine base-pair differences from the gennllne 
20 sequences, three failing within CDRi. 

Example 

A. X^i.atS'^f^Sr'-^^-^^ 

ic; on ™ ^S^A in adjuvant. The mice were boosted with 
^0 ,g Of human igK/X every 14 days after the prima^ 

^lllTTf ' °" in-nized ani Js to test 

. tt h h ^-^-^^ ^^^z^- mice 

nighest titers were sacrificed and the spleen removed. 
B. Fusion of Splenocytes 

^ . spj.een cells, were thawed 6 days prior tn i-v,^ 

fus.on and grown in tissue culture. One day bIfoL tL 

cells were split into i^r-oo>, ^. ^etore the fusion, 

pxic into fresh medium containing lO* fetal r=if 
serum (PCS) at a ratio of 1-3 
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After sacrificing the mouee, the spleen was 
aseptically removed and placed in a culture dish with serum- free 
culture medivLin. A single cell suspension was created by gently 
grinding the spleen between two frosted microscope slides. The 
5 cells were washed in fresh serum- free medium red blood cells 
were lysed and debris filtered away. 

The splenocytes were further washed twice by 
centrifugation in serum- free medium. Myeloma cells were also 
washed in serum- free medium at this time. Each cell type was 

10 counted and combined at a ratio of 1:3 (myeloma to splenocyte) , 
mixed gently and centrifuged once together. 

A solution of 40% polyethylene glycol (PEG) was slowly 
added to the cell pellet while the cells were gently resuspended 
over a period of one minute. Cells were incubated at room 

15 temperature for one minute in the PEG solution and then slowly 
diluted into 5 ml serum- free medium over 5 minutes. Five ml 
more were added over the next 90 seconds. Cells were incubated 
at room temperature for 5 minutes. The cells were centrifuged 
at low speed eind the supernatant removed. The cells were 

20 resuspended slowly and very gently in 5 ml of hybridoma medium 
containing 10% FCS, IX OPI, IX NE amino acids and 10 itM HEPES. 
Cells were further diluted to 100 ml final volume in hybridoma 
medium with IX HAT solution (hypoxanthine, aminopterin and 
thymidine). The fused cells were aliquoted 100 fil/yfell of 96- 

25 2311 plates and cultured at 37«C and 10% COj . Cells were fed at 
10 days post- fusion with 100 /il/well of hybridoma medium with IX 
HT (hypoxanthine and thymidine) and allowed to grow close to 
confluence before screening. 

Supernatant was aseptically ta)cen from each growing 

30 well and tested for the presence of fully human antibodies. 

Positive wells were further tested for human IgE/X specificity. 
When a positive well was identified, the cells were transferred 
from the 96 -well plate to 0.5 ml of hybridoma medium with IX HT 
in a 48-well plate. At this stage the cells were subcloned by 

35 limiting dilution into 96-well plates so that a single antibody 
producing cell was in culture. As the culture became confluent, 
the cells were expanded to l ml, 3 ml, 5 ml, etc. and frozen 
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the foregoing procedures, antibodies specific 
for the antigens described above are prepared 
' hvh ^'^cordance with the above procedure, mouse 

obtailT' '""'^ ^^"^"'^^ ^^^^'^^ ^^^/^ 

nonh^ hL\:;\tL^\\:r."^ ^ ^^^^-^^^^ 

m w . Parcicularly a murine host, may be produced whi ny. 

obt.l„.„s h«„ ^„oclo„l «tlbodi,s „e .voided, becau.. thf 

. modification by methods such as In vitro 

^«.zx.d r::iL^~r:^!: ™ :r - 

na«<malian cellular source of th. PJ^^ade for a continuous 

5c ». 1-j ^ J ouurce Of the desired antibodies. The 

25 subject invention provides = . 

anHK^,,^ ^ provides for a convenient source of human 

V, P'^o'i^ction of antibodies in a human host The 

™::n:t^\r^^^^^ - - - 

30 human antibodies. Production of 

antibo^^ accordance with the subject invention, human 

iL ^"^^^^ *'ith human 

immunogens. resulting antisera will be specific for the 

35 human immunogen and mav ^a^-ic ror the 

The immunized hosTB^Iii! ^^"^ "^^^ 

Sn™^^^ 1 tuslon, transfection, etc. to provide 

immortal cells, e.a hv^-,^^^,, f-^uviae 
e.g., hybridomas, to produce monoclonal 
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antibodies. The antibodies, antiserum and monoclonal antibodies 
will be glycosylated in accordance with the species of the cell 
producing the antibodies. Rare variable regions of the Ig locus 
may be recruited in producing the antibodies, so that antibodies 
having rare variable regions may be obtained. 

All productions and patent applications cited in this 
specification are herein incorporated by reference as if each 
individual publication or patent application were specifically 
and individually indicated to be incorporated by reference 
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tuny ^^l\JZlTe,To"lT' i™.lo..n„ .avin, 
^ aes.e. an..en, wMr::™::!" ^^^^^^^ ^ 

thereof .o^Tt:li:ZTlTt ^" 

i™. response r^ : ,"'" '° ^"^^^^^ - 

ponse. Whereby said animal produces B cells 

secrete immunoglobulin specif ir- fo 

nonhuman animal is c Jr^^r f "^^^^^^^ ^^^^ 

10 incapable of produca^ end" substantially 

Chain variabl! reti^ns ^^^^ ^^^^^^^ inununcglobulin 

™obulin vatr; llllTlir 

recovering said immunoglobulin or analog. 

15 step comprises ^c^o^r^^ °' ^ recovering 

^rom aaZ anill ^"'^^ "^'"^'^'"^ immunoglobulin or analog 

step co:^rlses Z^lT.ill I'^V 

With said antigen/scree^l:' I '''' "^"^^ ^'^^"'^ 

20 for the secretin Of said Zn, i-nortali^ed cells 

antigen, and Wnoglobulin specific for said 

in-nortalized B ceuT'o? ^^^^^^^^^^^ — ^ed by said 

S variable region"f TaTf ^'^^^'^^'^^ " '^'^^ 

and o^Wi-l:™^^ - ..ortali^ed b 

produce .^^Xul ::^t^ 1™ --of 
recovering said immunoglobulin or analog. 

' step comprises ""'"^ °' ^'^^ ^ "^"^^"^ -^'^ recovering 

Of i™ogl"b7i\TLr.\' " '^'^ «^-n 

1-uni.ed'with saL anTige:.'^^ ' ""^ " ^"^"^^ 
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generating a library of said genes expressing the 
variable regions; 

screening the library for a variable region with 
desired affinity for the antigen; 
5 recovering the genes encoding said variable regions 

and optionally modifying said genes; 

expressing said recovered genes to produce an 
immunoglobulin or analog containing said variable region and 
recovering said immunoglobulin or analog. 

10 5. The method of claim 1 wherein said immunoglobulin 

is fully human. 

6. .A recombinant DNA molecule comprising a 
nucleotide sequence encoding the immunoglobulin or analog 
produced by the method of claim 1. 

15 7. A recombinant DNA molecule comprising an encoding 

nucleotide sequence corresponding to a gene prepared by a method 
con^rising 

administering a desired antigen or an immunogenic 
portion thereof to a nonhuman animal irnder conditions to 
20 stimulate an immune response, whereby said animal produces B 
cells that secrete immunoglobulin specific for said antigen; 
wherein said nonhiaoan animal is characterized by being 
substantially incapable of producing endogenous heavy and light 
immunoglobulin chain variable regions, but capable of producing 
25 human immunoglobulin variable regions; 

immortalizing B cells from said animal immunized with 
said antigen, screening the resulting immortalized cells for the 
secretion of said immunoglobulin specific for said antigen, and 

recovering the genes encoding at least the variable 
region of said immunoglobulin from the immortalized B cells, and 
optionally modifying said genes. 

8. A recombinant DNA molecule comprising an encoding 
nucleotide sequence corresponding to a gene prepared by a method 
comprising 



30 
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administering a desired antigen or an immunogenic 
portion thereof to a nonhuman animal under conditions to 
stimulate an immune response, whereby said animal produces B 
cells that secrete immunoglobulin specific for said antigen; 
wherein said nonhuman animal is characterized by being 
substantially incapable of producing endogenous heavy and light 
immunoglobulin chain variable regions, but capable of producing 
human immunoglobulin variable regions; 

recovering genes encoding at least the variable region 
of immunoglobulins from the primary B cells of the animal 
immunized with said antigen; 

generating a library of said genes expressing the 
variable regions; 

screening the library for a variable region with 
IS desired affinity for the antigen; and 

recovering the genes encoding said variable regions 
and optionally modifying said genes. 



10 



20 



25 



30 



9. The DNA molecule of claim 6. i or 8 wherein said 
encoding nucleotide sequence is operably linked to control 
sequences capable of effecting its expression. 

10. A cell or cell line modified to contain the DNA 
molecule of claim 9. 

11. A method to produce an immunoglobulin with fully 
human variable region or an analog thereof which method 
comprises culturing the cells of claim 10 under conditions 
whereby said encoding nucleotide sequence is expressed to 
produce said immunoglobulin or analog; and 

recovering said immunoglobulin or analog. 

12. An immortalized B cell which secretes an 
immunoglobulin with a fully human variable region to a desired 
antigen prepared by a method which comprises 

administering said antigen or an immunogenic portion 
thereof to a nonhuman animal under conditions to stimulate an 
immune response, whereby said animal produces B cells that 
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secrete immunoglobulin specific for said antigen; wherein said 
nonhuman animal is characterized by being substantially 
incapable of producing endogenous heavy and light immunoglobulin 
chain variable regions, but capable of producing human 
immunoglobulin variable regions; 

immortalizing B cells from said animal immunized with 
said antigen, screening the resulting immortalized cells for the 
secretion of said immunoglobulin specific for said antigen; and 

recovering said immortalized B cell. 

13 . A method to produce an immunoglobulin or analog 
which comprises culturing the recovered cells of claim 12 and 
recovering said immunoglobulin or analog. 

14. An immunoglobulin with fully human variable 
region or analog thereof produced by the method of claim 1. 

15. The immunoglobulin or analog of claim 14 which is 
fully human, 

16. The intmunoglobulin or analog of claim 14 which is 
an agonist or a catalyst or wherein the immunoglobulin is 
chimeric. 

17. The immunoglobulin or analog of claim 14 wherein 
the desired antigen is selected from the group consisting of 
transition state mimics; leukocyte markers; histocompatibility 
antigens; adhesion molecules; interleukins; interleukin 
receptors; chemokines; growth factors; growth factor receptors; 
interferon receptors; Igs and their receptors; txomor antigens; 
allergens; viral proteins; toxins; blood factors; enzymes; and 
the miscellaneous antigens ganglioside GD3, ganglioside GM2, 
LMPl, IjMP2, eosinophil major basic protein, eosinophil cationic 
protein, pANCA, Amadori protein, Type IV collagen, glycated 
lipids, 7- interferon, A7, P-glycoprotein, Fas (AFO-1) and 
oxidized -LDL. 
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18. The immunoglobulin or analog of claim 17 wherein 
the leukocyte marker is selected from the group consisting of 
CD2, CD3, CD4, CD5 , CDS, CD7 , CD8 , CDlla,b,c, CD13, CD14, CD18, 
CD19, CD20, CD22, CD23, CD27 and its ligand, CD2B and its 
5 ligands B7.1, B7.2, B7.3, CD29 and its ligand, CD30 and its 

ligand, CD40 and its ligand gp39, CD44, CD45 and isoforms, CDw52 
{Campath antigen), CD56, CD58, CD69, CD72, CTLA-4, LFA-1 and 
TCR; 

the histocompatibility antigen is selected from the 
10 group consisting of MHC class I or II, the Lewis Y antigens, 
SLex, SLey, SLea, and SLeb; 

the adhesion molecule is selected from the group 
consisting of VLA-l, VLA-2, VLA-3, VLA-4, VLA-5, VLA-6, LFA-l, 
L-selectin, P-selectin, and E-selectin and their 
15 counterreceptors VCAM-l, ICAM-l, ICAM-2, LFA-3; Mac-l and 
pl50,95; 

the interleukin is selected from the group consisting 
of IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, 
IL-11, IIi-12, IL-13, IL-14, and IL-15; 

the interleukin receptor is selected from the group 
consisting of IL-IR, IL-2R, IL-SR, IL-4R, IL-5R, IL-6R, IL-7R, 
IL-8R, IL.9R, Ili-IOR, IL-llR, IL-12R, IL-13R, IL-14R, and 
IL-15R; 

the chemokine is selected from the group consisting of 
25 PF4, RANTES, MlPla, MCPl, NAP- 2, Groa, Gro/3, and IL-8; 

the growth factor is selected from the group 
consisting of TNFalpha, TGFbeta, TSH, VEGF/VPF, PTHrP, EOF 
family, PGF, PDGF family, endothelin, and gastrin releasing 
peptide (GRP) ; 

growth factor receptor is selected from the group 
consisting of TNFalphaR, RGFbetaR, TSHR, VEGFR/VPFR, FGFR, EGFR, 
PTHrPR, PDGFR family, EPO-R, GCSF-R and other hematopoietic 
receptors; 

the interferon receptor is selected from the group 
35 consisting of IFNaR, IFN^Sr, and IFN-yR; 

the Ig and its receptor ie selected from the group 
consisting of igE, FceRI, and FCeRII; 
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the tiunor antigen is selected from the group 
consisting of her2-neu, nrucin, CEA and endosialin; 

the allergen is selected from the group consisting of 
house dust mite antigen, lol pi (grass) antigens, and urushiol; 

the viral protein is selected from the group 
consisting of CMV glycoproteins B, and gCIII, HIV-i envelope 
glycoproteins, RSV envelope glycoproteins, HSV envelope 
glycoproteins, EBV envelope glycoproteins, VZV envelope 
glycoproteins, HPV envelope glycoproteins. Hepatitis family 
surface antigens; 

the toxin is selected from the group consisting of 
pseudomonas endotoxin and osteopontin/uropontin, snake venom, 
and bee venom; 

the blood factor is selected from the group consisting 
of complement C3b, coit^jlement C5a, complement C5b-9, Rh factor, 
fibrinogen, fibrin, and myelin associated growth inhibitor; and 

the enzyme is selected from the group consisting of 
cholesterol ester transfer protein, membrane bound matrix 
metalloproteases, and glutamic acid decarboxylase (GAD) . 

19. The immunoglobulin or analog of claim 14 wherein 
said desired antigen is selected from the group consisting of 
human IL-6, human IL-e, humain TNPof, human CD4, human L-selectin, 
human gp39, humem igE and tetanus toxin C(TTC) . 

20. A recombinant DNA molecule comprising a 
nucleotide sequence that encodes the immunoglobulin or analog of 
any of claims 15-19, 

21. The DNA molecule of claim 20 wherein said 
encoding nucleotide sequence is operably linked to control 
sequences capable of effecting its expression. 

22. A cell or cell line modified to contain the DNA 
molecule of claim 21. 



23. A method to produce an immunoglobulin or analog 
specific for a desired antigen which method comprises culturing 
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the cell or cell 1 ' 

nucleotide -^uence" ^^xptld V"'" ^'^-^^ sai. 

■ - analog; and "^'^^^^^ '° P-'^-e said in«nunoglobulin 

-covering i:n:™.„o,,,,,,,^ 

' ".ion o. ILoTZ:ToT^2T'^ ' "^^^ ^-^^ — 
'-"'^ an antigen selected ^^^^^"-^^^ i-uno.eactive 

state r^lZTZl'"' ^--^'^ion 

adhesion molecules • in- , *^^'''="=0'^atibility 
- che»..i.es; growtr^a^tts t"'' '"""^""'^ -ep'tors 

-ceptora; Xgs and .CjlLlllT -.eron 
Viral proteins; toxins; ^100?^"'' allergens 
•nlsoelianeous antigens pLTf and the 

-p^, eosinophil j;:: ;::ri°°^' 

lipids, r-mterferon, HI ^^^cated 
oxldlzed-LDL. ' ^-Sly«Proteln, Pae (APO-a, and 

.0 iT°i" ""^'^^^ '--i-td\^rthe r " "^^^^^^ 

CD3, CD4, CDS. CDS, CD7, CDs ^'""^ consisting of CD2 

and Its aigand gp39. CD44 c^J^^"' "^"^ ^"'^ ^^s llgand CD40 

the hlstocompatlbliiJ ' ^'^'^ TCR; 

Sroup consisting ot cll x " '^'^"^'^'^ the 

-sistlng^:; ZT:^T^^ f -lected .ro. the group 
^-lectin, P-selectm, an^ ^^'J' T'' ^'^'X 
counterreceptors VCAM-I ^^/"^^^^^in and their 

P150,95; ^ LPA-3. M.. . 

' -^^ Mac-1 and 
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the interleukin receptor is selected from the group 
consisting of IL-IR, IL-2R, IL-3R, IL-4R, IL-5R, 1L-6R, IL-7R 
IL-8R, IL-9R, IL-IOR, IL-HR, IL-12R, IL-13R, IL-14R and 
IL-15R; 

5 the chemokine is selected from the group consisting of 

PF4, RWITES, MlPla, MCPl, NAP-2, Gro«, Gro0 , and IL-8; 

the growth factor is selected from the group 
consisting of TNFalpha, TGFbeta, TSH, VEGF/VPF, PTHrP, EGP 
family, FGF, PDGP family, endothelin, and gastrin releasing 
10 peptide (GRP) ; 

the growth factor receptor is selected from the group 
consisting of TOFalphaR, RGPbetaR, TSHR, VEGFR/VPPR, fgfr EGFR 
PTHrPR, PDGFR family, EPO-R, GCSF-R and other hematopoietic ' 
receptors ; 

•'^^ interferon receptor is selected from the group 
consisting of IFNaR. IFN/Sr, and IFN-yR; 

the Ig and its receptor is selected from the group 
consisting of IgE, FceRI. and PCeRII; 

the tumor antigen is selected from the group 
20 consisting of her2-neu, mucin, CEA and endosialin; 

the allergen is selected from the group consisting of 
house dust mite antigen, lol pi (grass) antigens, and urushiol; 

the viral protein is selected from the group 
consisting of Cm glycoproteins B, H, and gCIll, Hrv-i envelope 
25 glycoproteins, RSV envelope glycoproteins, HSV envelope 
glycoproteins, EBV envelope glycoproteins, VZV envelope 
glycoproteins, HPV envelope glycoproteins. Hepatitis family 
surface antigens; 

the toxin is selected from the group consisting of 
30 pseudomonas endotoxin and osteopontin/uropontin, snake venom 
and bee venom;. 

the blood factor is selected from the group consisting 
of complement C3b, complement CSa, complement C5b-9, Rh factor 
fibrinogen, fibrin, and myelin associated growth inhibitor; and 

enzyme is selected from the group consisting of 
cholesterol ester transfer protein, membrane bound matrix 
metalloproteases, and glutamic acid decarboxylase (GAD) . 
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yen is tetanus toxin C(TTC). 
- the aesi --o^ " "^^"^ " - ''---'^ 

Chain P,. °^ ^5 or 26 which is a single 

hun«n. ^'^^^'^^ °^ =laim 24 Which is fully 



25 



agonis. or\'s a'catriTo' T °' ^^^^"^ ^^^^^^ - 

Chimeric. ' °" "^"'^^^^ imntunoglobulin is 
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38. A recombinant DNA molecule encoding the antibody 
or analog of any of claims 26-37. 

39. A recombinant DNA molecule which comprises an 
expression system for the production of the antibody or analog 

5 of any of claims 26-37 which expression system comprises a 
nucleotide sequence encoding said antibody or analog operably 
linked to control sec[uences capable of effecting its expression. 

40. A recombinant host cell which is modified to 
contain the DNA molecule of claim 39 . 



10 41, A method to produce an antibody or analog which 

method comprises culturing the cells of claim 40 under 
conditions wherein said coding sequence is expressed; and 
recovering the antibody or analog produced. 

42. Use of the antibody or analog of claim 36 for In 
15 vivo prophylaxis, therapy or diagnosis in humans. 

43. Use of the antibody or analog of claim 27, 29, 
30, 31 or 32 for treating an autoimmune disease in a mammal. 

44. The use of claim 43 wherein the autoimmune 
disease is systemic lupus erythrematosus, rheumatoid arthritis, 

20 psoriasis, Sjogren's syndrome, scleroderma, mixed connective 
tissue disease, dermatomyositis, polymyositis, Reiter's 
syndrome, Behcet's disease. Type I diabetes, Hashimoto's 
thyroiditis, Graves' disease, multiple sclerosis, myasthenia 
gravis, or pemphigus. 

25 45. Use of the antibody of claim 32 for preventing 

graft versus host disease, for preventing rejection of an organ 
transplant, or for treating glomerular nephritis in a mammal, 

46. Use of the antibody of claim 31 for treating 
reperfusion ischemia in a mammal. 
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47. use of the antibody of claim 27 for treatina 
cachexia, septic shorir treacing 

pcxc Shock, myeloma, renal cell carcinoma, 
osteoporosis, or Paget disease in a mamn^i . 

48. Use of the antibody of claim 29 for treatina 
septic shock, cachexia nH^»^r^ ■ creating 
^^^^ hexia, osteoporosis, or systemic sclerosis in a 



tumor metastasis an or T.IT " T"'" " ^^^^^'^"'^^ 
.lomerulonephrit s, reperfuaLrr- " 

ciistress syndrome/or sjltel rscl'""^' ^^^^^""^ 
/ or systemic sclerosis in a mammal. 
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